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= (54) Title: FRICTION AGITATION WELDING APPARATUS 




(57) A^straet: A friction agitation 
welding apparatus comprises a threaded 
shaft (46) fixedly connected to a motor 
shaft, a slide housing (48) in engagement 
with the threaded shaft (46) for vertical 
movement, a first drive shaft (58) 
supported for rotation by but coupled 
fixedly in axial movement to the slide 
housing (48) and equipped with a friction 
agitation welding tool (4), and a second 
drive shaft (64) fixedly connected to a 
motor shaft and telescopically supported 
by but coupled fixedly in relative rotation 
to the first drive shaft (58), moves to 
advance the friction agitation welding 
tool (4) to urge superposed workpiece to 
be joined. When the second drive shaft 
(64) is rotated, the first drive shaft (58), 
and hence the fiiction agitation welding 
tool (4), rotates even while the firiction 
agitation welding tool (4) urges the 
superposed wor]q>ieces. 
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FRICTION AGITATION WELDING APPARATUS 
BACKGROUND OF THE INVENTION 

1. Field of the invention 

The presejit invention relates to a fiiction agitation welding apparatus. 

2. Desoription of Related Art 

llicre have been widely known welding methods using friction agitation. Such a welding 
method includes the step of moving a rotating welding tool downward so as to apply pressure 
against plate woilq>ieces superposed on each oth» in an arial direction of a joint and to generate . 
heat between the rotating welding tool and die supeicposed plate workpieces as flie rotating 
welding tool so as to plastjcize a woikpiece material around the rotating welding tooU thereby 
allowing die rotating welding tool to penetrate into fee plate wofkpieoe. The penetration of the 
rotaiing welding tool results in a pla^c flow of a material of one of the superposed plate 
woikpieces adjacent an interface of Ae sc^eq>osed plate woikpieces, thereby forming a spot 
weld across the joint near an inter&ce between the siq>eiposed plate woiicpieces. 

A device for implementing the friction agitation welding metltod that is disclosed, for 
example, in. U.S. Patent Application Publication 2001/0045447, The prior art friction agitation 
welding device comprises a flireaded shaft engaged with a nut that lias a support arm extending 
apart from titie threaded shaft, a base mount secured to a distal end of the support arm and 
mounting an induction motor to which a friction agitatioa welding tool is connected for rotation. 



wo 2004/037477 



PCT/CZ2003/000060 



The tlireaded shaft is rotated by a servo motor to move the nut, and the fiiction agitation welding 
tool moimted to the induction motor, in an axial direction of welding so as thereby to urge the 
friction agitation welding tool and the supeq^osed plate woikpieces together in the axial direction 
of welding. When rotating the fiiction agitation welding tool by the induction motor while urging 
the friction agitation welding tool and the superposed plate woikpieces together in the axial 
direction of welding, frictional heat is generated to create a plastioized region in a workpiece 
material of the supeiposed plate workpieces around the fiiction agitation welding tooL 

The prior art fiiction agitation welding device with the fiiction agitation welding tool and 
the induction motor, that is a heavy load, mounted together to the base mount has a drawback 
that it is difficult for the friction agitatiop welding tool to perform precise control of urging 
pressure exerted on the supecposed plate worlq>ieoes because tfie induction motor, exercises its 
influence on the urging pressure by the fiiction agitation welding tool when the frictipn agitation 
welding tool is changed in welding position. 

SUMMARY OF THE INVENTION 
it is therefore an object of the present invention to provide a fiiction agitation wekling 
apparatus diat performs fiiction agitarion welding of superposed plate vsrorkpieces under 
precisely controlled urgmg pressure. 

The foregoing object of the present invention is accomplished by a fiiction agitation 
welding apparatus for forming a weld across a joint betwem supeiposed plate woikpieces by 
rotating a fiiction agitation welding tool about an axis of welding while urging the fiiction 
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agitation welding tool and the superposed plaie workpieces together in an axial direction of 
welding whereby generating fiictiional heat to oreate a plasticized region in a woilcpiece material 
around the Miction agitation welding tool and allowing liie plasticized worIq>iece material to 
solidify to form a weld across the jomt. The friction agitation welding ^aratus comprises a 
base support, a threaded shaft rotatably mounted to tlie base support, a first drive souroe fixedly 
mounted on Ac base support to rotate flie threaded shaft, an elevating housing en^ged with Uie 
threaded shaft to move along the tineaded sitaft resulting from rotation of Ae threaded shaft so as 
thereby to urge the friction agitation welding tool and the superposed plate worJsjiieces togeOer 
in the axial direction of welding, a first drive shaft mounted to the elevating housing, roiataWy 
about the axis of welding but fixedly in movemMit in the axial direction of welding, and 
mounting fnction agitation welding tool to an distal end thereof a second drive shaft mounted 
coaxially with the first drive shaft . fixedly in rotation relative to the first drive shaft but movaWy 
in an axial direction of tije first drive shaf^. and a second drive source fixedly mounted on the 
base support to rotate tiie second drive shaft. 

According to the friction agitation weldmg apparanis of the present invention in which 
die first drive shaft is coaxially telescopically coupled to the second drive shaft but prevented 
from rotating about the axial direction of welding relatively to tiie second drive shaft, rotation of 
die second drive shaft is transmitted to die first drive shaft, and hence lbs friction agiution 
welding tool. Therefore, the first drive shaft can telescopicaUy move relative to Ae second drive 
shaft keeping itself impossible to rotate relatively to the second drive shaft even whUe rotating, 
resulting in urging die friction agitation welding tool and the si^erposed plate woiiq)ieces 
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together without affectuig the rotation of the fnction agitation welding tool. Resulting firom the 
mounting structure in which the drive source is fixedly mounted on the base mount separately 
from the plevating housing, only the elevating housing and the first drive shaft are the patts tliat 
move in order to urge fiiction agitation welding tool and the worIq>ieces together, so that the 
welding apparatus is maikedly reduced in weight. Therefore, Ae welding apparatus appropriately 
controls urging pressure betwera the fiiction agitation welding tool and tlie superposed plate 
woikpieces even when tibte welding apparatus is in any welding position. 

It is preferred that the elevating housing comprises a cylindrical casing enclosing said 
first drive shaft therein and extending near the distal end of title first drive shaft and the 
cylindrical casing is mouiited fi>r axial movement to the support base through a bearing at a tip 
end opposite to die distal end. According to this structure, die elevating housing is ^E&ctively 
prevented finom causing deformation, that leads to rotational fluctuations of die fiiction agitation 
welding tool, at a location near the fiiction agitation welding tool. 

The fiiction agitation welding q>paratus fiuther comprises a badc-up tool fixedly 
mounted in aligned with and spaced apart from flie fiiction agitation welding tool to the base 
support so as to support the superposed plate woikpiece. Ihis is contributory to relkble fiiction 
agitation welding. 

It is preferred that the fiiction agitation welding apparatus is installed to a robot in the 
case where there are a number of occasions vAi&i it is applied in different welding positions. 

BRIEF DESCRlPnON OF THE DRAWINGS 
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The above and other objects and features of tlie present invenuon will be undersiood 
from tibe following desciiption of a ^dfic embodiment thereof when considering in 
ponjunction with the accompanying drawings, wherein the same reference numerals denote same 
or similar parts throughout the drawings, and in which: 

Figures 1 is a sch^natic view of a robotic welding machine according to a preferred 
^bodiment of the present invention; 

Hgures 2 is a s^ematic front view of a welding head; 

Figures 3 is a schematic side view of the welding head; 

Figures 4 is a top view of the welding head; 

Figures 5 is a cross-sectional view of the welding bead taken along line V-V of Figure 

4; 

Figures 6 is a bottom view of the welding head; 

Figures 7 is a cross-sectional view of die welding head taken along line VIl-VU of 

Figure 4; 

Figures 8 is a schematic view of a robotic welding machine according to another 
preferred embodiment of the present invention; 

Figures 9 is a schematic view of a robotic welding machine according to still anotlier 
prefemd embodiment of the present invention; and 

Figures 10 is a schematic view of a robotic welding machine according to a further 
preferred embodiment of the preset invention. 
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DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENT 
Referring to the drawings in detail, and, in particular, to Figure 1 showing a robotic welding 
machine A for implementing friction agitation welding according to a preferred embodiment of 
the present invention, the robotic welding machine A is used, for example, to form a weld across 
a joint between two superposed plate woikpieces (not shown) such as an aluminum alloy plate 
woikpiece and a steel plate woikpiece for vehicle bodies, which are positioned in superposed 
relation. The robotic welding machine A basically comprises a welding head positioning robot 2 
having a robot aim with a welding head 1 and a comrol unit 3 for controlling operation of the 
welding head positioning robot 2 and the welding head 1. The welding head positioning robot 2 
operates to position the welding head 1 with reject to a welding spot of superposed plate 
woikpieces. A general purpose six-shafts vertioal articulated manipulator may be employed for 
the welding head positioning robot 2. 

Figures 2 to 7 showing the welding head 1 in detail, Ae weldmg head 1 includes a 
mounting frame 7 A and a welding unit 8. The mounting frame 7A has a mounting block 7a and a 
generally L-shaped frame ami 7b fixedly secured to die mounting block 7a, The mourning block 
7a at its top is provided with an attadiing bracket 9 tfarou^ which the weldmg head 1 is attached 
to the welding head positionmg robot 2. The frame arm 7b extends tovrard right below the 
welding device 6 to hold a back-i^ tool 5 forming a part of a friction agitation welding device 6 
which will be described in detail late. 

The welding unit 8 that petfpnns friction agitation welding is made up of a welding 
device 6 comprising a rotatably driven friction agitation weldmg tool (which is referred to as a 
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fiiQtion agitation wielding tpol for simplicity) 4 and a back-iip tool 5 and a driving xnechanism 41 
including motors U and 12. Tbe driving mechanism 41 has a round'-raded flat casing 42 that is 
secured to the mounting block 7a of tlie mounting frame 7B vdth a msoor axis extending 
perpendicidarly to the momiting block 7a of the mounting firame 7B and serves as a part of a base 
stnictui^. The casing 42 has an opening 43 surrounded by a flange 44 at a top end thereof in a 
veitica) direction and a lov/er cylindrical barrel extension 4S extending dovrnward at one side of 
the casing 42 remote from the mounting block 7a of die mounting frame 7B. As shown in Figure 
5, the welding head 1 is provided with a threaded shaft 46 in Hie casing 42. The threaded shaft 46 
has a vertical axis of rotation peipmdicular to the m^or axis of tbie casing 42 and extends close 
to one end of the casing 42 adjacent to the mtounting frame 7B. The threaded shaft 46 protmdes 
from the top of the casing 42 at an upper side Aiereof and is rotatably supported at a lower end 
thereof within the casing 42. The threaded shaft 46 is engaged by an elevathig barrel housing 48. 
More spedfically^ the elevating barrel housing 48, that is formed as one integral piece, comprises 
a threaded slide 49 and an open*ended cylindrical barrel 51 vdiich are arranged in a direction of 
tiie major axis (which is refereed to as a lengthwise direction) of the casing 42 and coupled 
together by a coupling arm 50. The threaded slide 49 engages Ihe threaded shaft 46 and moves 
up and down when the direaded shaft 46 rotate. The cylindrical barrel 51 extends in a vertical 
direction on one side of the threaded, shaft 46 remote from the mounting frame 7B and has an 
upper portion expanded in diameter through which the cylindrical barrel 51 is coupled to the 
threaded slide 49 by the coupling arm 50. The upper portion of the cylindrical barrel 51 provides 
an aimular space 52 for receiving associated members includmg a bearing 53 thereirL The 
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annular space 52 is divided into two spaces, namely an upper anmdar space 54 defined by the 
bearing 53 and a lower annular space 55 larger in diameter than the upper annular space .54. The 
cylindrical barrel 51 at its lower ead portion )»t>trade8 from flie lower cylindrical battel 
extension 45 and supported for up and down movement by a bearing 56 mounted within the 
Icjwer cylindrical barrel ext^ion 45. External part of tiie (b^lindrical barrel 51 out of the lower 
cylindiical bairel extension 45 is covered by a telescc^)ic bellows 57 disposed between lower 
ends of die cylindrical barrel 5 1 and &e lower i^^drical barrel extension 45. 

The welding head 1 is provided widi a first drive shaft 58 ext«iding along the entire 
length of the cylindrical barrel 51 within the cylindrical baiiel 51. The first drive shaft 58 has 
two upper shaft sections located vMan Uie annular space 52 of fte cylindrical bairel 51, namely 
a top shaft section 59 having an external diameter greater than a major portion of the fitst drive 
shaft 58 and a mid shaft section 60 having an external diamettf greater tiian the top section 59. 
and an axial bore 63 extending from the top end near to the lower end. The first drive sihaft 58 
has keys or key-ways for spline-coupling formed on or in the wall of flie axial bore 63 adjacoit 
to the top and mid shaft sections 59 and 60. The first drive shaft 58 at its top shaft section 59 is 
supported, iwtatably but fixedb^ in vortical movemra^ by 4e cylindrical barrel 51 through the 
bearing 53 suited vd&dn the upper annular space 54 of flie cylindrical banel 51. The mid shaft 
section 60 is located within the lower annular space 55 of the cylindrical barrel 51 to face the 
bearing 53. The first drive shaft 58 at its lower end slightly protrudes fiom the lower end of the 
cylindrical bairel 51 and is provided witti a mounting head 61 fbr detachably mounting the 
fiiction agitation welding tool 4 to tfie first drive shaft 58. The first drive shaft 58 at its lower end 
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is supported, rotatably but fixedly in vertical movement, by the cylindrical baixel 51 through the 
bearing 62 secured to the bottom end of the cylindrical barrel 51. Accordingly, ^e first drive 
shaft 58 is united with the cylindrical barrel 51 in vertical movement and, however, separated in 
rotation. 

The welding head 1 is further provided with a second drive shaft 64 extending in the axial 
bore 63 to a mid portion of tfie first drive shaft 58. The second drive shaft 64 has external keys or 
external key->ways for sphne^coupling. The first and second drive shafts 58 and 64 are 
telescopically coiq^led together to allow relative vertical movement between them but prevented 
from causing relative rotation between diem. 

As shown in Figures 4, 5 and 7, Qte welding head 1 includes a motor bracket 66 forming 
a part of the base structure secured to the flange 44 of die casing 42. The motor bracket 66 covers 
one end portion of die casing 42 in a lengtliwise dhection of the casing 42 remote from and 
^tends overhangs the flange 44 in a direction p^endicular to the major axis (which is refmed 
to as a transverse direction) of the casing 42. This overhang portion 66a is used to mount the 
motors 1 1 and 12 to the casing 42. The motor bracket 66 at apart covering the end portion of the 
casing 42 is provide with bearings 47 and 53 by which the dueaded shaft 46 and second drive 
shaft 64 are supported respectively, rotatably but fixedly in vertical movement with respect to the 
casing 42* Accordingly, the relative up and dovvn movement between the first and second drive 
shafts 58 and 64 residt in up and down movement of the first drive shaft 58 relative to the second 
drive shaft 64. These flir^aded shaft 46 and second drive shaft 64 protrude upward fix>m the 
motor bracket 66 and are provided with puUeys 67 and 68, respectively. 
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As shown in Figure 7, the motor 12, that is desirably a servo motor, has an output shaft 
I2a mounted to the overhang portion 66a of tiie motor bracket 66 and aligned with the threaded 
shaft 46 in the transverse direction. The output shaft 12a of the motor 12 protrudes iq>ward from 
tlie motor bracket 66 and is provided y^th a puUey 69. A belt 70 is mounted between the pulleys 
67 and 69 of the threaded shaft 46 and the output shaft 12a of the motor 12 to transmit rotation of 
the output shaft I2a of the motor 12 to the threaded shaft 46. Further, the motor 11, that is 
desirably a servo motor or ah induction motor, has an output shaft 11a mounted to the ov^hang 
portion 66a of the motor teadcet 66 and aUgned with &e second drive shaft 64 in the transverse 
direction. The output shaft Ua offbs motor 11 protrudes upward ftom flie motor bracket 66 and 
is provided with a pulley 79. A belt 72 is mounted between the pulleys 68 and 71 of the second 
drive shaft 64 and the output shaft 11a of the motor 1 1 to transmit rotation of the output shaft 1 la 
of the motor 11 to the second drive shaft 64. These pulleys 67 to 69 and 71 are covered by a top 
cap 73. AS tfxe same rotation transmission mechanism as between the motor 12 and the threaded, 
shaft 46 is instafled between the motor 11 and the second drive shaft 64, each corresponding part 
of the rotation transmission mechanism between the motor 1 J and the second drive shaft 64 is 
indicated by a patemhetic reference number in Figure 7. 

As shown in Figures 2 and 3, the friction agitation welding tool 4 forming a part of the 
friction agitation welding device 6 is deiadiably mounted to the mounting head 61 in alignment 
with the back-up tool forming anotiier part of the friction agitation welding device 6. The friction 
agitation welding tool 4 secured to the elevating battel housing 48 is, on one hand, moved up and 
down along the axis of welding resulting from rotation of the threaded sUde 49 caused by tiie 
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motor 12. rotation of the threaded shaft 46 and, oti die odn^r liand» rotated about the axis of 
welding resulting j&oni rotation of the first and second drive shafte 58 and 64 caused by the 
motor 11. When tlie rotating fiiction agitation welding tool 4 i$ moved downward to apply thrust 
pressure to workpieces to be welded, such as superposed plates, backed-oip with the back-up tool 
5, friction heat is generated while urging the rotating friction agitation welding tool 4 and the 
woikpieces to plastidze a woilq>ece material tliat fonns a weld across a joint between the 
workpieces whan cooled and solidified. 

Referring back to Figure 1, the control unit 3 is electrically connected to the welding head 
positionmg robot 2 through harness 31 and to ttie welding head 1 dirough harness 32, a relay box 
34 and harnesses 33. Hie control unit 3 controb ei^t shafts, namely two rotary shafts of the 
motors 1 1 and 12 and six articulation sbafis of the welding head posidoning robot 2« 

Friction agitation welding of workpieces using the robotic welding machine A will be 
desmbed below. SpecificaUy, when friction agitation welding starts, fiie control unit 3 causes the 
welding head positioning robot 2 to manipulate the welding head 1 to position the workpieces in 
a woric-receivxng spaoe Sw (see Figure 2) between the friction agitation welding tool 4 and the. 
back-up tool 5 and then to actuate the motors 1 1 and 12. The motor 12 rotates the threaded shaft 
46 in a normal direction to move the tlireaded slide 49, and hence the elevating barrel housing 48, 
downward, thereby forcing die elevating barrol housing 48 to protrude fiom the casing 42« The 
down movement of the elevating barrel housing 48 results in down movement of the first drive 
shaft 58 relative to the second drive shaft 64» so as thereby to apply dirust pressure against the 
workpieces. Simultaneously, the motor 11 rotates flie second drive shaft 64^ and hence the first 
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drive shaft 58 spline-coupled to the second drive shaft 64, o as thereby to rotate the friction 
agitation welding tool 4. As flie first drive shaft 58 is telescopically coi^led to the second drive 
shaft 64 by means of spline-coupling, the friction agitation welding tool 4 continuously urges die 
woikpieces without having an effect on its rotation. 

As a resulting from the mounting structure in vrfiich the motor 11 is fixedly mounted on 
the motor bracket 66 separately from die elevating barrel bousing 48, <mly the elevating barrel 
housing 48 and the first drive shaft 58 are flie parts Uiat move in order to urge die friction 
agitation welding tool 4 and the woriqiieces together, the welding head 1 is maikedly reduced in 
weight ThMBfore, Ae welding head 1 controls Hho friction agitation welding tool 4 to apply 
pressure to the workpieces in any welding position. Furdier, the elevating barrel housing 48 is 
effectively prevented fcom causing deformation (deformation of the coi^ling arm 50 and the 
cylindrical barrel 51 about die threaded slide 49 as a supporting point), that leads to rotational 
fluctuations of the friction agitation welding tool 4, at a loc^don near die fiiction agitation 
welding tool 4 as a result of the mounting stnicture in wMdi flie bearing 56 mounted widiin flie 
lower cylindrical barrel esdension 45 siqiports one end of tiie ^lindrical barrel 51 of the 
elevating barrel housing 48. 

Figuie 8 shov^ a welding machine B for implementing friction agitation wdding 
according to another preferred embodiment of the present invention in which a manually 
operated welding unit 8 is stationarily installed. As shown in Figure 8, the welding machine B 
basically comprises a stationary trestle frame 7B, a manually c^erated welding unit 8 and a 
control unit 3 for controlling flie friction agitation welding by the welding unit 8. The a 
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stationaiy trestle frame 7B has lower and upper beams 75 and 76. The welding unit 8 that is 
manually opwated to perfonn friction agitation weldmg is made op of a welding device 6 
coit4)risine a friction agitation welding tool 4 and a back-op tool 5 and a driving mechanism 41 
that are the same in structure and operation as those of the i»evious embodimenx. The driving 
mechanism 41 is attached to the upper beam 76 of fte stationaiy tresde frame 7B. The friction 
agitation welding tool 4 is dctachably mounted to the drive mechanism 41 . The back-up tool 5 is 
mounted on a table 75a secured to the lower beam 75 of the stationary trestle frame 7B, These 
friction agitation wedding tool 4 and back-up tool 5 are aligned with an axis of welding X and 
spaced apart to define a woik-receiving space Sw for receiving the superposed plate woricpieces 
(not shown) herein. The stationaiy trestle frame 7B is provided with a start switch 77 electrically 
connected betwew the driving mechanism 71 and a control unit 3 through harnesses 82. 

Superposed plate woikpieces is positioned in die woik-«ceiving q>ace Sw with a 
welding spot aUgned with the axis of welding K. The friction agitation welding by the welding 
unit 8 is manusaiy performed under control of the control unit 3 when the start switcA 77 is 
pushed. 

Figure 9 shows a welding nuuhine C for inq}lementing friction agitation weldmg 
according to still another prefened embodiment of the present invention in which a plurality of 
stationaiy automatic welding unit 8 are installed. The weldnig machine C is used, for example, 
to form a plurality of welds across joints between two superposed plate woikpieoes Wl and 

such as an aluminum alloy plate woikpiece and a steel plate workpiece for vdiicle bodies. 
AS shovm in Figure 9, (he welding machine C basically comprises a stationaiy tresUe frame 
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7B, a plurality of welding unit 8 and a control unit 3 for controUing the fiiction agitation 
welding by the welding unit 8. The staiionaiy trestle ftame 7C has lower and upper beams 75 
and 76. Eadi of die welding units 8 is made up of a welding device 6 comprising a fiiction 
agitadon welding tool 4 and a back-up tool S and a driving mechanism 41 tbat are the same in 
structure and opcaration as those of the previous embodimeats. The welding devices 8 are 
inblined according to welding spots on die superposed plate woilcpieoes Wl and W2. The 
driving mechanism 41 is fixedly atteicbed to die upper beam 75 of the stationary tresde fiame 
7C. The friction agitation welding tool 4 is detachably mounted to the drive mechanism 41. 
The badc-up tool 5 is mounted on a table 75a secured to the lower beam 75 of the stationary 
tresfle ftame 7C. These friction agitation welding tool 4 and back-up tool 5 are aligned with an 
axis of welding X and spaced apart to define a woik-receivnig space Sw for receiving the 
supeiposed plate woiiqpieces Wl and W2 therem. The stationary trestle ftame 7B is provided 
with a start switch 77 electrically connected between the driving mechanism 71 and a control 
unit 3 dirou^ harnesses 82. 

Supeiposed plate wofkpieces Wl and W2 are positioned in the woik-rcceiving space Sw 
with welding spots aligned witti the axes of welding X, respectively, by an operator or usmg a 
robotic manipulator. The friction agitation welding by the welding unit 8 is automatically 
performed undw control of Ae control unit 3 when the start switch 77 is pushed. 

The welding machine C may comprise a single welding unit 8 that is shifted and inclined 
accra'ding to welding spots on the w(»kpieoes Wl and W2. 

Figure 10 shows a welding machine D for implem^ting friction agitation welding 
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according to a fuxther preferred embodiment of ttie present mvention in wluch a suspended 
welding head 1 is employed. As shown in Figure 8^ the welding machine D basically comprises a 
a welding head 1 lhat is the same in structure and operation as that shown in Figures 2 to 7 but 
suspended from a stationaiy guide rail 90. Speoifically, the welding head 1 includes a welding 
unit 8 provided with a hanging arm 80. The welding unit 8 is made up of a welding device 6 
comprising a rotatably driven fHodon agitation welding tool 4 and a back-4ip tool 5 and a driving 
mechanism 41 including motors (not shown). A mounting frame 7A has a mounting block 7a and 
a generally L-shaped frame arm 7b fixedly secured to the mounting block 7a. Hie driving 
mechanism 41 is fixedly mounted to the mountmg block 7a of the mounting frame 7A. The 
friction agitation welding tool 4 is rotatably attached to the driving mechanism 41. The back-up 
tool 5 is fixedly I S mounted to the frame ann 7b of die mountmg frame 7A. Itie welding head 1 
is further provided with a start switch 81 . 

The welding head 1 is suspended from the guide rail 90 chrou^ an expansion suspensory 
wire 91 connected between die hanging arm 80 and a guide slide 92a slidably mounted to the 
gmde rail 90. Tbe guide slide 92a is provided with a balancing wei^t 93 for adjiisting the 
welding head 1 in a desired welding position. Hie welding unit 8 is electrically connected to a 
control unit 3 througjh harnesses 82 supported by a plurality of guide slides 92b slidably mourned 
to the guide rail 90. 

In friction agitation welding operation, the welding head 1 is manually handled by an 
operator to be moved toward superposed plate woikpieces (not shovm) located in a 
predetermined welding station and to take a proper welding position wifli respect to a welding 
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Spot on the superposed plate workpieces. 

It is to be understood that although the present invention has been described with regard 
to preferred embodiments thereof, various other embodiments and variants may occur to diose 
skilled in die ait, which are widiin ttie scope and spirit of the invention, and such other 
embodiments and variants are intended to be covered by the following claims. 

4c ili 4c * « 
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What is claimed is: 

1. A friction agitation welding apparatus for forming a weld across a joint between 
sUpeiposed plate woilqpieces by rotating a friction agitation welding tool about an axis of 
welding while urging the friction agitation welding tool and flie siqi^erposed plate workpieces 
together in en axial direction of welding whereby generating fiictional heat to create a plasticized 
region in a woilq>iece material around the firiction agitation welding tool and allowing the 
plasticized woricpiece material to solidj^ to form a weld across said joint, said friction agitation 
welding apparams comprising: 

a base support; 

a tibreaded shaft rotatably mounted to said base si^poit; 

a first drive source fixedly mounted on said base support to rotate said tbreaed shaft; 

an elevating member engaged with said threaded shaft to move along said threaded shaft 
resulting fix>m rotation of said threaded shaft so as th^eby to urge the friction agitation welding 
tool and the supeiposed plate worlqpieces together in tiie axial direction of welding; 

a first drive shaft moimted to said elevating member, retatably about the axis of welding 
but fixedly in movement in tlie axial direction of welding, and mounting friction agitation 
welding tool to an distal end tfiereof; 

a second drive shaft mounted coaxially with said first drive shaft , fixedly in rotation 
relative to said first drive shaft but movably in an axial direction of said first drive shaft; and 

a second drive source fixedly mounted on said base support to rotate said second drive 
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shaft. 

2. A friction agitation welding apparatus as defined in claim 1, wberein said elevating 
member comprises a cylindrical casing enclosing said first drive shaft ihefein and extending near 
said distal end gf said firet drive shaft, said cylindrical casing being mounted for axial movement 
to said base support throng a bearing at a tip end opposite to said distal end. 

3. A friction agitation welding q>paratus as defined in claim I, and further comprising 
a back-op tool fixedly mounted in aligned vnUx and spaced apart from the friction agitation 
welding tool to said base support so as to support the superposed plate workpiece at a side 
remote from the friction agitation welding tool. 

4. A fKction agitation welding apparams as defined in claim 3, wh^ein said friction 
agitation welding apparatus is adapted to be detachably installed to a robot. 



18 




2/10 



wo 2004/037477 



10/500389 

PCT/CZ2003/000060 



(Fig. 3 



8 



1 



42(41)-^ 



61 



7 



1 

73 



1 
3 



11 



I/' 



>7b 



TJ 



3/10 



wo 2004/037477 



10/500389 

PCT/CZ2003/000060 




4/10 



wo 2004/037477 



1 O/5OO: 

PCT/CZ2003/000060 




61 



5/10 



10/50038^ 

WO 2004/037477 PCT/CZ2003/000060 



(Fig. 6 




6/10 



1 

wo 2004/037477 PCT/CZ2003/000060 



<Fi0. 7 




7/10 



^©75003 89 

wo 2004/037477 PCT/CZ2003/000060 



(Fig. 8 




8/10 




9/10 



wo 2004/037477 



PCT/CZ2003/000060 



(Fig. 10 




10/10 



A. CLASSIFICATION OF SUBJECT MATTER 

PC 7 B23K20/12 



According to Inlemattonal Patent Classlflcallon (IPC) orto both national classlHcatlon and IPC 



INTERNATIONAL SEARCH REPORT 

# 



.^.BCT/PTO 28 M -^m 



InterllPlbnal Application No 

PCT/CZ oiMDeo 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system foUowed by classification symbols) 

IPC 7 B23K 



Documentation searched other than minimum documentation to the extent that such documents are bicluded In the fields searched 



Electronic data base consulted during the inlemallonal search (name of data base and, where practical, search terms used) 
AJ 



C. DOCUME 
Category** 


NTS CONSIDERED TO BE RELEVANT 

Citation of document, with Indication, where appiopilate, o* the relevant passages 


Relevant to dalm No. 


X 


PATENT ABSTRACTS OF JAPAN 

vol. 1999, no. 13, 

30 November 1999 (1999-11-30) 

& JP 11 226758 A (HITACHI LTD), 

24 August 1999 (1999-08-24) 

abstract 


1-4 


X 


PATENT ABSTRACTS OF JAPAN 

vol. 2002, no. 09, 

4 September 2002 (2002-09-04) 

& JP 2002 137067 A (KAWASAKI HEAVY IND 

LTD), 14 May 2002 (2002-05-14) 

abstract 


1-4 



□ 



Further documents are listed in the continuation of box C. 



□ 



Patent family members are listed In annex. 



« Special categories of dted documents : 



•A' document defining the general state of the art which Is not 

considered to be of particular relevance 
*E* eartier document but published on or after the international 

filing date 

*L* document which may throw doubts on priority clalm(s)or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

■O* document refening to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the International filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not In conflict with the application but 
died to understand the principle or theory undertylng the 
Invention 

■X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
teivolv© an Inventive step when the document is taken alone 

•Y" document of particular relevance; the claimed Invention 

cannot be considered to Involve an Inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person sidiled 
In the art. 

'&• document member of the same patent family 



Date of the actual completion of the international search 

6 February 2004 



Name and maiUng address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL-2280HVRIiswllk 
TeL (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Date of nnalllng of the International search report 

16/02/2004 



Authorized officer 



Caubet, J-S 



FCT/1SA/210 (second sheet) (July 1092) 



INTERNATIUNAL 5EARUH REPORT 

Information oiu^tent family members 



Patent document 
dted In search report 



n OM^tent fan 
^Ration 



Application No 

PCT/CZ OiADOeO 



date 



Patent family 
member(s) 



Publication 
date 



JP 11226758 



24-08-1999 JP 



3314706 82 



12-08-2002 



JP 2002137067 A 14-05-2002 JP 



3471308 82 



02-12-2003 



Foim PCT/ISA/210 (patent tamlJy annex) (JuJy 1892) 



